In a retrospective analysis of 174 formalin fixed, paraffin-embedded, hepatocellular carcinoma tissue samples, the correlation between the coefficient of variation (CV) as determined by flow cytometry and the duration of formalin fixation (DFF) was investigated.
In addition a potential adverse effect of prolonged formalin fixation on CV and fluorescence intensity in paraffin-embedded liver tissue was also investigated prospectively in samples from four patients in which the DFF varied from three days to four weeks. In the retrospective study, there was a significant linear correlation between the CV and DFF (p<0.001), with the CV increasing as the DFF became prolonged.
The proportion of samples in which the CV was less than 10.0 was significantly greater (p<0.01) in samples in which the DFF was less than two weeks. In the prospective study, a decrease in fluorescence intensity was observed as the DFF increased.
Following two weeks of formalin fixation the fluorescence intensity decreased to 38.1% of the intensity observed in fresh samples.
The mean CV was greater than 10.0 in the samples in which the DFF exceeded two weeks.
It is concluded that prolonged formalin fixation has an adverse effect on CV. The DFF for flow cytometric analysis of paraffin-embedded tissue should be no greater than two weeks.
I. Introduction
Numerous studies have correlated DNA ploidy with prognosis in cancer patients [3, 5, 8, 9, 13, 15] . Hedley et al. [7] developed a technique which permitted the retrospective flow cytometric analysis of nuclei released from paraffin-embedded tissue. Since this initial report clinical application of this procedure has steadily increased [6] . A disadvantage, however, of using paraffin-embedded tissue in flow cytometric analysis is that a wider CV may result in an inability to detect a small near-diploid aneuploid populations in some samples. In a previous report we experienced this technical difficulty in 22% of hepatocellular carcinoma (HCC) tissue samples [5] . Previous studies have also concluded that the relative fluorescence intensity decreases after formalin fixation [2, 12] . In this report we determined the CV and fluorescence intensity as a function of the DFF in paraffin-embedded tissue. We asked whether the CV increased after formalin Retrospective study DNA ploidy analysis was performed using flow cytometry on specimens from 174 patients who underwent hepatic resection for HCC during the period from January 1981 to December 1991. The mean age of the patients was 56 years (range 22-75), 89% of whom were male. Representative samples of the tumor were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. The original histologic preparations from the tumor were reviewed by senior pathologists and the diagnosis of HCC was confirmed.
Flow cytometric DNA analysis was performed on nuclei isolated from paraffin sections by the method of Hedley et al [7] . Isolated nuclei were stained with propidium iodide by the method of Vindelov et al [16] . 15mW argon ion laser operating at 488nm.
For each sample, 20,000 nuclei were analyzed. Data were analyzed using the Cell fit program (Becton and Dickinson, Sunnyvale, CA).
Duration of formalin fixation (DFF) was reviewed for each sample by pathologic reports which included the date of operation and the date when paraffin-embedded sections were made. The coefficient of variation was calculated for all G0G1 peaks. Samples in which the CV was more than 20.0 and, in which the hitogram revealed a diffuse scattering in all channels, were classified as uninterpretable.
A potential correlation between the CV and the DFF was therefore investigated.
Prospective study
To analyze a potential adverse relationship between length of formalin fixation and DNA histograms and CV, non-tumorous liver tissue were fixed in 10% neutral buffered formalin for three days, one week, two weeks, three weeks, and four weeks prior to analysis. 
III. Results
Retrospective study Of the 174 cases, 128 showed a CV of less than 10.0, and therefore could be analyzed using a DNA histogram. Forty-six samples showed a CV of more than 10.0, and were, therefore, inadequate for data analysis. Seven of the 46 were classified as uninterpretable.
Representative examples of DNA ploidy patterns are shown in Figure 1 . Among 128 interpretable cases, 68 (53%) were judged to be aneuploid and 60 (47%) diploid. Figure 2 shows the CV as a function of the DFF. All of the samples in which the DFF was less than two weeks showed a CV under 10.0. In contrast, a broad G0G1 peak in which the CV was more than 10.0, occurred frequently when the DFF was greater than two weeks. There was a significant linear correlation between the CV and DEF (r=0.69, p<0.001). A summary of the data in which samples were divided into three groups by DFF (i.e., less than one week, from one to two weeks, and greater than two weeks), is presented in Figure  3 . Each group was divided into a CV of less than 5, from 5-10, or greater than 10. The percentage of CV less than 5.0 was significantly greater (p<0.01) in the samples in which the DFF was less than one week. The percentage with a CV between 5 and 10 was significantly greater (p<0.01) in those samples fixed for one to two weeks, and the proportion of samples with a CV greater than 10.0 was significantly greater (p<0.001) in samples fixed for more than two weeks.
Prospective study
As shown in Figure  4, 5 ).
IV. Discussion
Formalin fixation cross-links proteins and stabilizes single-stranded DNA [4] . The use of pepsin digestion as described by Hedley et al. [7] serves two purposes.
First, it disaggregates and improves the CV of the histograms. In addition, cross-linkage between DNA and nucleoproteins is reduced [7] . Our data, however, suggest that this method is ineffective for samples subjected to prolonged formalin fixation.
Schutte et al. [12] have reported that fluorescence intensity in chicken red blood cells decreased following formalin fixation. The fluorescence intensity of nuclei appered to be less intense and more variable as compared to fresh, unfixed materials.
As the mechanisms of how formalin decrease fluorescense by fixing the tissue have not been clarified, it might be possible that formalin has a cross-linkage activity with the double strand DNA, as propidium iodide could not bind to DNA [1] . Esteban et al. [2] using paraffin-embedded tissues, observed that an increased length of fixation in formalin (i.e., 8, 24, and 48hr) resulted in a slight shift to the left in the G0G1 peaks. In this report, we tested the adverse effect of prolonged formalin fixation in paraffin-embedded tissues in a larger series and for an increased length of time.
Our results show that the baseline artifact increased, and the G0G1 peak widened as the DFF increased. This phenomenon was observed in section samples in which nuclei were transected [14] . Production of nuclear debris may increase during sample disaggregation if the nuclei are broken by prolonged formalin fixation.
Despite a DFF of more than two weeks, some samples showed good CV. We cannot completely explain this apparent discrepancy. It is possible, however, that the rate of formalin infiltration may vary between samples. This variation may result from the fact that, 1) some HCC is not encapsulated, 2) the tumor size can vary from 1.0cm to more than 20cm in diameter and 3) some tumors were fixed without cutting. Tissue in which the HCC is encapsulated, is large in size, or is not cut at the time of fixation will exhibit a slower rate of formalin infiltration.
It has not been reported to the detail relationship between the formalin fixation and CV in various organs.
We have analyzed DNA ploidy in various organs including neuroblastoma [10] , colon cancer, esophageal cancer and normal esopagus, pancreatic cancer. In these specimens, it was hard to perform DNA ploidy study for the tissue which has been fixed more than 2 weeks because of wide CV.
Fresh samples provide sufficient CV for DNA In addition, the sample can be chosen after pathological investigation, and multiple samples can be analyzed at one time. Finally, the sample can be easily stored at room temperature and transported from laboratory to laboratory.
In summary, we believe that flow cytometric analysis from paraffin-embedded materials is a powerful technique which provides useful information if the length of formalin fixation is not prolonged.
The duration of formalin fixation should be limited to two weeks prior to embedding the sample in paraffin.
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